Background: Improving HRQOL is the desired outcome for patients with stroke undergoing inpatient rehabilitation services. This study aimed to comprehensively identify the potential health-related quality of life (HRQOL) predictors in patients with stroke undergoing inpatient rehabilitation within the first year after stroke; thus far, such an investigation has not been conducted. Methods: We enrolled 119 patients (88 males, 31 females) with stroke, and examined 12 potential predictors: age, sex, stroke type, stroke side, duration after onset, cognition (Mini-Mental State Examination; MMSE), depression (Beck Depression Inventory-II), stroke severity (National Institutes of Health Stroke Scale; NIHSS), upper-and lower-extremity motor function scores of the Fugl-Meyer Assessment (FMA) scale, balance (Berg Balance Scale; BBS), and functional status (Functional Independence Measure). HRQOL was measured using Stroke Impact Scale (SIS) 3.0. Results: NIHSS score predicted the strength domain and total SIS score (41.5 % and 41.7 % of the variances, respectively). BBS score was a major predictor of mobility and participation/role domains (48.6 % and 10 % of the variances, respectively). MMSE score predicted the memory and communication domains (22.5 % and 36.3 % of the variances, respectively). Upper extremity score of the FMA scale predicted the daily living/instrumental activities of daily life and hand function domains (40.3 % and 20.6 % of the variances, respectively). Stroke side predicted the emotion domain (11.6 % of the variance). Conclusions: NIHSS, MMSE, BBS, FMA, and stroke side predicted most HRQOL domains. These findings suggest that different factors predicted various HRQOL domains in patients with stroke.
Background
Stroke is a major health problem across the world. It has been long established that stroke has wide-ranging effects in physical, mental, and social life domains [1] . Healthrelated quality of life (HRQOL) refers to the health impacts on an individual's functioning and on his or her perceived wellness in various life domains [2] . Stroke survivors have lower mean scores for physical health (−7.9 %), mental health (−4.1 %), and health utility (−6.9 %) of HRQOL than the nonstroke population [3] .
According to the review of literature, age [4] , sex [4] , stroke type [5] , stroke side [6] , duration after onset [7] , stroke severity [8] , functional status [9] , upper extremity (UE) motor function [10] , balance function [11] , lower extremity (LE) motor function [12] , cognition function [8] , and depression [13] have been identified as potential predictors of HRQOL outcomes in patients with stroke. The potential HRQOL predictors are varied among studies possibly because of different predictors and HRQOL domains investigated in each study. For example, age was identified as an HRQOL predictor for patients with stroke in Strum et al.'s study [4] but not in Fatoye et al.'s study [14] . To the best of our knowledge, only few studies [15, 16] have investigated a comprehensive list of HRQOL predictors in various domains in patients with stroke.
Recovery in stroke patients receiving rehabilitation primarily occurs in the first 3 months after stroke and continues in the following 3 months [17] . In addition, 6.5 % patients with stroke surviving for at least 1 year after stroke have been reported to show improvements in the 6-12 months after stroke [17] . Improving HRQOL is also the desired outcome for patients with stroke undergoing inpatient rehabilitation services. Mackenzie et al. [18] suggested that HRQOL predictors in patients with stroke admitted to rehabilitation hospitals during 0.5-3 months following stroke were the functional ability, physical, and psychological dimensions of HRQOL. Froes et al. [13] evaluated the factors affecting HRQOL [using Short Form-36 (SF-36)] in 64 patients (≥6 months after stroke) admitted to a rehabilitation program. They found that functional status affected physical functioning and physical role, and that depression could affect vitality, social function, emotional role, and mental health [13] . HRQOL after stroke varies considerably between different countries [19, 20] . This may be due to differences in the guidelines and strategies for post-stroke care and rehabilitation services. Compliance to post-acute-stroke rehabilitation guidelines could also be a quality-of-care indicator and affect HRQOL in patients with stroke undergoing inpatient rehabilitation [21] . Hopman et al. [22] reported that all 8 domains of the SF-36 improved in patients with stroke during inpatient rehabilitation; however, five domains declined at 6 months follow-up after discharge. Post-acute-stroke rehabilitation plays an important role in HRQOL. In Taiwan, the health care policy (National Health Insurance) allows most poststroke patients to be admitted for inpatient rehabilitation several times within first year after a stroke. However, articles have comprehensively investigated HRQOL predictors for patients with stroke who were currently undergoing inpatient stroke rehabilitation during the first year after stroke are still lacking.
Many scales, including generic scales, such as SF-36 and EuroQol-5 Dimension Questionnaire (EQ-5D) [23] [24] [25] , and stroke-specific [26] scales, have been used to assess HRQOL in patients with stroke. SF-36 was the most widely used generic HRQOL measurement [25] . However, the ceiling and floor effects that exist in some SF-36 domains [27] limit its use in the evaluation of patients with stroke. The Stroke Impact Scale (SIS) 3.0 is a comprehensive stroke-specific HRQOL measurement instrument [28] . SIS was developed to assess eight domains for mild-tomoderate stroke patients and it has been used in Taiwan [29, 30] .
Identifying potential HRQOL predictors in patients with stroke will allow clinicians to predict HRQOL outcomes and plan early and appropriate treatment strategies. The research question was whether potential predictors for HRQOL differed among various domains in patients with stroke undergoing inpatient rehabilitation. After reviewing past articles, 12 potential predictors were selected for examination: age (at assessment), sex, stroke type (hemorrhagic or ischemic), stroke side (left or right), duration after onset, stroke severity, cognition function, depression, balance, UE and LE motor function, and functional status. We measured HRQOL with the SIS 3.0. We hypothesized that different predictors are associated with various HRQOL domains in patients undergoing inpatient stroke rehabilitation during the 1st year after stroke. The aim of this study was to reveal a comprehensive list of determinant factors for various HRQOL domains and total HRQOL score for patients receiving inpatient rehabilitation within 1 year after stroke.
Methods

Participants
Participants with stroke were recruited from the inpatient rehabilitation ward of a tertiary hospital. The diagnosis of stroke, lesion side, and stroke type were confirmed by a physiatrist by history evaluation, physical examination, brain imaging, and chart review. The physiatrist also determined a patient's eligibility for the study. The inclusion criteria were (a) first-time unilateral cerebral stroke, (b) stroke onset ≤1 year, (c) admission to the rehabilitation ward, (d) ages 30-80 years, and (e) no active medical problems or physical conditions. The exclusion criteria were (a) brainstem or cerebellar stroke, (b) severe cognitive impairment, (c) severe aphasia, and (d) poor cooperation with assessments. Patients with brainstem or cerebellar stroke were excluded from the study because the symptoms differ from the typical hemiplegia or hemiparesis of cerebral stroke. Of the 258 patients with stroke initially assessed for eligibility, 121 were excluded because they did not meet the criteria and 18 declined to participate in the study. In total, 119 patients with stroke (88 males, 31 females) were included. The study protocol was approved by the Institutional Review Board for Human Studies at Chang Gung Memorial Hospital. All participants signed informed consent forms before enrollment.
Assessment procedures
Two trained raters (a physical therapist and an occupational therapist) administered all measures. Raters reviewed the written instructions and were trained through repeated practice; a senior certified physical therapist or a senior certified occupational therapist assessed rater competence. All potential predictors were identified and HRQOL outcomes were measured for each study participant 2 to 3 weeks after admission for inpatient rehabilitation. All measurements for each participant were completed on the same day. The rehabilitation program offered services including both physical and occupational therapies. In addition, speech therapy was provided if required. Each of the daily physical, occupational, and speech therapy sessions usually lasted over 50 minutes on weekdays. Physical therapy included facilitation techniques, balance and transfer training, therapeutic exercise, strengthening exercise, and ambulation training. Occupational therapy involved motor task training, coordination training, hand function training, daily activities training, and visual perception training. Speech therapy consisted of auditory comprehension training, cognitive training, verbal production, oromotor coordination, augmentative communication, swallowing, and feeding training.
Outcome measure of HRQOL The SIS 3.0 was used for HRQOL measurement. SIS is a stroke-specific and self-reported instrument [31] , consisting of 59 items designed for assessing 8 functional domains, including strength, memory, emotion, communication, activities of daily living (ADL)/instrumental activities of daily living (IADL), mobility, hand function, and participation/ role. The internal consistency (Cronbach α: 0.94) and validity of SIS 3.0 was proved to be adequate. Participants responded to items in each domain using a 5-point rating scale. For strength items, 1 point meant "no strength at all" and 5 points meant "a lot of strength." For memory, communication, ADL/IADL, mobility, and hand function items, 1 point meant "extremely difficult/cannot do at all" and 5 points meant "not difficult at all." For emotion and participation/role items, 1 point meant "all of the time" and 5 points meant "none of the time." Each domain of SIS has a range of 0-100 with higher scores indicated better QOL. Twenty-eight items in the four domains of strength, hand function, ADL/IADL, and mobility were combined to produce the composite physical domain.
Potential predictors
The Mini-Mental State Examination (MMSE) [32] was used to measure cognition function, the Beck Depression Inventory (BDI)-II [33] was used to measure depression status, the National Institutes of Health Stroke Scale (NIHSS) [34] was used to measure stroke severity, the Berg Balance Scale (BBS) [35] was used to measure balance function, the Fugl-Meyer Assessment (FMA) [36] -UE motor function was used to measure UE motor function, the FMA-LE motor function was used to measure LE motor function, and the Functional Independence Measure (FIM) [37] was used to measure functional status.
MMSE
MMSE [32] is a brief 11-question test widely used for the evaluation of cognitive impairment. It measures orientation, registration, attention and calculation, recall, and language. The maximum total score is 30 points with lower total scores suggesting more severe cognitive impairment.
BDI-II
BDI-II [33] is a 21-item inventory that assesses the severity of depressive symptoms. Each item is rated on a 4-point scale range of 0-3. A score of 0 means "not feeling sadness at all" and 3 means "intolerable sadness or unhappiness." The total score range on the BDI-II is 0-63.
NIHSS
NIHSS [34] is a 15-item assessment tool that provides a quantitative measure of stroke-related neurological deficit. NIHSS evaluates levels of consciousness, visual field loss, extraocular movement, facial muscle function, UE and LE motor strength, coordination, aphasia, dysarthria, sensory loss, extinction, and loss of attention. Total NIHSS scores range from 0 to 42, with higher scores meaning more severe neurological deficit.
BBS
BBS [35] is a 14-item test for evaluating static and dynamic balance ability. Score range of each item is 0-4; a score of 0 meant "unable to perform the task" and a score of 4 meant "able to independently perform the task without difficulty." The final measure is the sum of all scores, with the lowest and highest possible total scores being 0 and 56, respectively.
FMA
FMA [36] is a stroke-specific, performance-based impairment index. It is designed to assess motor functioning, balance, sensation, and joint functioning in patients with post-stroke hemiplegia. Scoring is based on direct observation of performance. Scale items are scored on the basis of ability to complete the task using a 3-point scale where 0 = cannot perform, 1 = performs partially, and 2 = performs fully. FMA has a score range of 0-100 (66 UE, 34 LE), with 100 indicating normal motor performance.
FIM
The FIM [37] is an instrument designed for functional status and frequently used for patients with stroke. The FIM includes 18 items, each with a maximum score of 7 and a minimal score of 1. A score of 7 means complete independence and a score of 1 means complete dependence. Possible FIM total scores range from 18 to 126. Higher score means more independent functional status.
Statistical analysis
Statistical analyses were performed with SPSS 18.0 for Windows. The dependent variables were the SIS 3.0. A two-step process determined whether a variable was considered a predictor of outcome measurements. First, a Pearson correlation coefficient (r) determined correlations between potential predictors and scores on the outcome measures (8 domains and total score). A P value of 0.05 was required for inclusion in the regression analysis. Potential predictors were used in a stepwise procedure to generate a linear regression model for outcome measurements. Adjusted R
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, P values, and regression coefficients (β) were used to assess goodness-of-fit in the regression models. Regression diagnostics were also performed to check the multicollinearity among the predictors in the regression models.
Results Table 1 lists the demographic and clinical characteristics of the patients (mean age 54.89 years, standard deviation: 10.47 years).
Correlation between potential predictors and HRQOL Table 2 lists Pearson correlation coefficients of the 12 possible predictors and the scores on various QOL outcome measures. Age and sex were not associated with any domain of SIS. Stroke type was associated with communication and hand function (patients with infarction had better communication and hand function than patients with hemorrhage). Stroke side was associated with emotion, mobility, participation/role, and total SIS score (patients with left side lesion had better scores in these domains than those with right side lesion). Duration after onset was associated with strength (longer duration after onset leads to less strength). All clinical predictors were associated with most domains of SIS. Table 3 presents the results of the stepwise multiple regression analyses. NIHSS score, FIM score, and duration after onset were predictors in the strength domain of the SIS (adjusted R 2 = 0.540) (P < 0.001). MMSE and BDI-II scores were predictors in the memory domain of the SIS (adjusted R 2 = 0.290) (P < 0.001). Stroke side and BDI-II score were predictors in the emotion domain of the SIS (adjusted R 2 = 0.169) (P < 0.001). MMSE score, stroke type, and FMA-UE score were predictors in the communication domain of the SIS (adjusted R 2 = 0.413) (P < 0.001). FMA-UE, FIM, and BBS scores were positive predictors in the ADL/IADL domain of the SIS (adjusted R 2 = 0.532) (P < 0.001). BBS, FIM, FMA-LE, and BDI-II scores were predictors in the mobility domain of the SIS (adjusted R 2 = 0.605) (P < 0.001). FMA-UE and FIM scores were positive predictors of hand function in the SIS (adjusted R 2 = 0.240) (P < 0.001). BBS score was a positive predictor in the participation/role domain of the 
Potential predictors of predicting HRQOL by regression analysis
Discussion
This is the first study on the potential predictors of various HRQOL domains in patients with stroke receiving inpatient rehabilitation during the first year after stroke. BBS score was a major factor in predicting the mobility and participation/role. FMA-UE scores were a major factor in predicting hand function and ADL/IADL domains, respectively. MMSE score was the main factor in predicting the memory and communication domains. NIHSS score was a major factor in predicting the strength domain. Stroke side was a major factor in predicting the emotion domain. Our findings suggested that different factors predicted the various HRQOL domains in patients with stroke. The BBS, FMA-UE, MMSE, NIHSS scores, and stroke side predicted most HRQOL domains. This information may allow clinicians to plan specific treatment strategies for patients with stroke. Our findings are partially in agreement with previous studies [13, 16, 18] . Using SIS as the HRQOL measure, Carod-Artal et al. [16] surveyed the predictors for HRQOL in patients with stroke at outpatient neurology and stroke rehabilitation clinics. They found that the NIHSS and functional status (Barthel Index) were the main predictors for the strength domain, the MMSE and the hospital anxiety and depression scales were the main predictors for the memory domain, the hospital anxiety and depression scale were the main predictors for the emotional domain, MMSE was a predictor for the communication domain, functional status (Barthel Index) and the hospital anxiety and depression scale were predictors for the mobility domain, and functional status (Barthel Index) was a predictor for the ADL/IADL and hand function domains. Froes et al. [13] and Mackenzie et al. [18] surveyed predictors for HRQOL in patients with stroke currently undergoing inpatient rehabilitation. Froes et al. [13] showed that FIM and time after stroke onset could predict the physical functioning domain, and that the BDI-II was a major predictor for vitality, emotional role, and mental health domains of SF-36. Using the sickness impact profile (SIP) as the HRQOL measure, Mackenzie et al. found that baseline and 2-week functional status (Modified Barthel Index) could be a predictor for total SIP score at 2 weeks and 3 months individually after admission [18] . Some inconsistent results among studies may be due to the patient characteristics (stroke types and lesion sides), rehabilitation programs (e.g. inpatient or ambulatory rehabilitation), onset time after stroke, selected HRQOL assessment tools, selected predictors, etc. In this study, BBS predicted variances in several domains of HRQOL, such as participation/role and mobility domains, explaining 10 %-48.6 % of the variances. However, UE and LE motor functions were not identified as major predictors of variances in these domains. This may be because balance control is more important for mobility and participation in social activities. Ng illustrated that balance ability was associated with functional mobility in stroke survivors [38] . Patterson et al.'s study asserted that balance function was more important than paretic limb strength for long distance walking in stroke patients with severe gait deficit [39] . In Kollen et al.'s study [40] , improvement in standing balance control was more important than improvement in LE strength or synergism in achieving walking ability improvements in patients with stroke. Schmid et al. illustrated that balance function was independently associated with participation in patients with chronic stroke [41] . These findings may suggest balance training should be included in the rehabilitation for enhancing the mobility and participation of HRQOL domains.
Good cognition can predict better memory and communication. We found that MMSE was an important predictor for memory and communication accounting for 22.5 %-36.3 % of the variances. Our result was similar to Carod-Artal et al.'s [16] study that evaluated the determinants of HRQOL (using SIS 3.0) in 260 patients with stroke and found that MMSE score was a predictor of the memory and communication domains. However, in another article, cognition also affected physical function and other domains of HRQOL. In Patel et al.'s study [42] , cognitive impairment (MMSE score <24) was identified as a predictor for lower physical component score and mental component score on SF-36. Jeong et al.'s article [8] also illustrated that MMSE score was independently associated with physical factors, psychological factors, and environmental context of HRQOL. The different results may be due to different predictors and HRQOL measurements among the various studies.
Extremity motor function predicted various HRQOL domains. UE motor function predicted hand function and ADL/IADL of HRQOL, whereas LE motor function was a predictor for the mobility. Nicolas-Larsen et al.'s study [5] found decreased UE motor function was a predictor for poorer composite physical domain (combined strength, ADL/IADL, mobility, and hand function) score on the SIS 3.0 in patients 3-9 months after stroke. Lin et al. [43] found that FMA-UE was a predictor for hand function, ADL/IADL, and participation/role domains in patients 6 months after stroke. Franceschini et al. [12] found that incomplete LE motor recovery was a predictor for a lower HRQOL in the mobility domain, and incomplete UE motor recovery was a predictor for a lower HRQOL in usual activities and self-care domains. These findings may suggest that treatment strategies should include UE and LE training to promote HRQOL in various domains.
BDI-II predicted HRQOL to a lesser extent than other clinical factors. In our study, BDI-II was a predictor for the memory, emotion and mobility domains, but only accounted for 1.3 %-6.5 % of the variances. Though the variance is low, depression could affect patient motivation for participating in rehabilitation programs and [13] used BDI to measure the effect of depression on HRQOL (SF-36) and found that BDI was not only a significant factor for mental health, emotional role, social functioning, but also for the vitality scale. Kwok et al. [44] evaluated HRQOL of 268 patients with stroke who had received inpatient rehabilitation for 3 weeks during the acute stage. They followed up these patients at 3, 6, and 12 months after stroke and found that more severe depression was associated with decreased physical, psychological, social interaction, and environmental HRQOL domains [44] . Depression status seems to affect HRQOL of a patient with stroke in both the psychological domain and certain non-psychological domains. These findings may suggest that psychosocial support and treatment of depression may be needed to enhance some HRQOL domains.
Stroke severity predicted the strength domain and the total SIS score in patients with stroke. In this study, NIHSS predicted strength domain, explaining 41.5 % of the variance and predicted total SIS score, explaining 41.7 % of the variance. In Carod-Artal et al.'s article [16] , NIHSS > 6 was identified as a predictor for composite physical domain and multiple domains, including strength, ADL/IADL, participation/role, mobility, and hand function for stroke survivors. Sturm et al.'s [4] articles showed that the NIHSS score 7 days after stroke could be used to predict total HRQOL score at 2 years after stroke. It seems stroke severity is a robust factor in predicting total HRQOL of patients with stroke, particularly in physical domains.
In our study, stroke side predicted 11.6 % of the variance in the emotion domain, which was greater than was explained by depression. Right hemisphere stroke has a lower HRQOL in the emotion domain than left hemisphere stroke in our study. Rachpukdee et al. [45] also illustrated right hemisphere stroke was a negative predictor for the mental health domain of HRQOL at one month post-stroke. Although right cerebral hemisphere is dominant for sense of emotion [46] , some previous articles did not show the same result as ours. In Morris et al. article [10] , left hemisphere stroke was significantly associated with, but did not predict poorer emotional reactions. Hopman et al. [22] illustrated the left hemisphere stroke predicted worse emotional functioning than those with right hemisphere stroke at their admission for rehabilitation. However, no difference of stroke side on emotional functioning existed in these patients at their discharge and 6-month follow-up [22] . Although some studies have shown that lesion side had impacts on the emotional domain of HRQOL, other studies have not. One previous study [6] showed that lesion side only had impacts on the body care, movement, and communication, but not on the emotional domain of HRQOL. Another article [9] showed that lesion side did not influence the HRQOL score values in first-ever stroke patients. Therefore, the effect of stroke side on emotion seems to be inconclusive and warrants further study. Lincoln et al. [47] showed that the severity of anxiety and depression markedly increased between 6 months and 5 years after stroke. Therefore, anxiety should also be included in further studies in predicting HRQOL for patients with stroke at both the acute stage and follow-up stages.
The major limitations in this study were participant characteristics and selection of potential predictors. Only participants with unilateral cerebral stroke who were receiving inpatient rehabilitation were included. In addition, other confounding factors influencing HRQOL, such as environmental factors [48, 49] , family support [50] , psychosocial factors [11, 48] , or rehabilitation services [51] , were not included in this study. For example, ongoing home-based [51] or ambulatory rehabilitation services (physical therapy, occupational therapy, or speech therapy) are probably important confounding factors influencing HRQOL.
Conclusion
In conclusion, the NIHSS was the major predictor for strength and global HRQOL in patients with stroke. Different factor combinations predicted various HRQOL domains in patients with stroke. BBS, MMSE, FMA-UE, NIHSS scores, and stroke side predicted most HRQOL domains. FIM, FMA-LE, BDI-II scores, duration after onset, and stroke type may influence some HRQOL domains. These findings suggest that these predictors may be useful for the early identification of patients who have the most potential to acquire HRQOL. More importantly, these results may allow clinicians to plan appropriate rehabilitation intervention and enhance HRQOL in patients with stroke by implementing cognitive training (e.g., training involving attention, memory, intellectual execution, visual perception, auditory comprehension, and verbal expression), balance training (e.g., static and dynamic balance training involving sitting balance, standing balance, single leg balance, sit-tostand or stand-to-sit training, and transferring training), and motor functional training (e.g., hand dexterity, object manipulation, visual motor coordination, locomotion, agility, and body coordination). Future studies should focus on longitudinal follow-up and include other potential predictors for HRQOL in patients with stroke. 
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